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Blocking specific cytokines is a modern treatment option for psoriasis and other autoimmune diseases. There is a simple rational for these therapies. The uncontrolled production of some cytokines causes immune system dysregulation and subsequent pathology manifesting in multiple medical conditions. Interleukin (IL)-23, like many other cytokines, has an important role in health and disease.\[[@CIT1]\] Identified initially from human DNA sequence information, IL-23 is a stimulus for cell-mediated immune responses.\[[@CIT2]\] This review discusses the pivotal role of this cytokine in psoriasis pathophysiology, how our understanding of its mechanism evolved and how blocking its effect might substantially improve the condition of people with this disabling skin disease.

Pre-Biologic Immunological History of Psoriasis {#sec1-2}
===============================================

Biologic therapy for psoriasis initially derived from the evolution of concepts about its etiopathogenesis. As in a chess game, these new forms of treatment have evolved from an integration of the knowledge about how both the immune system cells (pieces) and its cytokines (movements) generate the immunophysiopathology of that manifests as psoriasis.

In ancient records, the initial causes of psoriasis were attributed to multiple sources ranging from the divine to racial associations at the end of the 19th century.\[[@CIT3]\] An unknown infectious organism was identified as a source of psoriasis in 1927.\[[@CIT4]\] Later, its etiology was described as primarily and essentially an epidermal problem, independent of immunologic phenomena\[[@CIT5]\] The main objective of the cytotoxic drugs, such as methotrexate, developed in the 20th century was to reduce keratinocyte proliferation. Immunological studies on psoriatic patients indentified changes in humoral immune reactions as part of the overall problem but not the cause.\[[@CIT6][@CIT7]\] Eventually, other studies identified that the action of cytotoxic drugs extended to the immune system of patients with psoriasis.\[[@CIT8][@CIT9]\] However, the dominant thought was that psoriasis was a disease of faulty epidermopoiesis due to impaired autocontrol mechanisms.\[[@CIT10]\] Hunter *et al.* wrote "More work on cell turnover and its regulation will give the clue to psoriasis."\[[@CIT11]\]

Further investigations in the 1970s revealed the role of immunologic factors in psoriasis. Under histopathologic examination, psoriatic lesions showed a striking resemblance to cellular inflammatory reactions observed in areas affected by contact allergic dermatitis.\[[@CIT12]\] A selective immunosuppressant effect was the initial hypothesis used to describe the a pathological cellular immune response.\[[@CIT13]\] Soon thereafter, the finding of a soluble factor that played a important role in keratinocyte proliferation and therefore induction/maintenance of psoriatic lesions triggered a more comprehensive cytokine-based theory.\[[@CIT14]\] At this point, the rapid turnover in the epidermis, genetically determined, but triggered by immunological factors emerged as a dominant integrated theory explaining the etiopathogenesis of psoriasis.\[[@CIT15]\]

The fundamental confirmation that any defect of the skin is not sufficient by itself to maintain a psoriatic lesion occurred in the subsequent decade. Some studies confirmed that T-cells and soluble factors could stimulate keratinocyte proliferation. Immunophenotyping of psoriatic lesions showed a mixed T-cell population (CD4 and CD8) and Langerhans cells distinct from normal skin.\[[@CIT16]\] This cellular infiltrate changed with topic or systemic treatment.\[[@CIT17][@CIT18]\] In another study, biologic therapy failure ruled out the major participation of the humoral immune system in psoriasis immunopathology.\[[@CIT19]\] Thus, the cellular arm of the immune system was implicated in psoriasis for the first time during the 1980s.\[[@CIT20]\]

Two main branches of research on immunogenesis of psoriasis, the cellular and the cytokine, developed during the 1990s. Researchers observed that an influx of activated, mainly CD4+, HLA-DR+, IL-2 receptor-CD25+, T-cells was one of the earliest events of psoriasis.\[[@CIT21]\] Based on Mosmman and Coffman\'s publication,\[[@CIT22]\] these T-cells were classified as type 1 cytokine producers.\[[@CIT23]\] They produce interferon (IFN)-γ, IL-2, and tumor necrosis factor (TNF)-α cytokines and therefore implied that a cellular type 1 of reaction was responsible for psoriasis.

The Initial Biologic Treatments for Psoriasis and its Implications on the Understanding of the Psoriasis Immunological Mechanism {#sec1-3}
================================================================================================================================

The primary etiopathogenesis of an autoimmune disease is dysregulation of immune system activation since the development of autoreactive lymphocyte occurs in the same basic manner as lymphocyte activation. Cytokines are key players in the establishment of any immune system reaction and therefore blocking cytokines that maintain autoimmune activity has become one the most successful strategies for autoimmunity therapy.

Psoriasis was defined as Th1 type of disease early in the understanding of the T-helper subsets. As a result, two logical biologic therapeutic approaches were tested: one was the administration of counter regulatory type 2 cytokines and the second was the blocking of type 1 cytokines. The use of monoclonal antibodies or fusion proteins to neutralize the Th1 cytokines started to be used in large scale because of their efficacy and practicability.

These studies have proved to be a useful biological model and test ground for evaluation of the skin immune system and psoriasis. Although these drugs were not initially developed in the treatment of psoriasis, but rather in rheumatoid arthritis and Crohn\'s disease, the observation that condition of Crohn\'s disease patients with psoriasis improved while on anti-TNF therapy profoundly influenced the studies that were to come. Moreover, this empiric observation enabled the research demonstrating that TNF was a key cytokine position in psoriasis etiopathogenesis by modulating the immunologic microenvironment in psoriatic skin.\[[@CIT24]\]

Although clinical response to anti-TNF suggested a role for Th1 cells in psoriases, evidence coming from other studies demonstrated that Th1/Th2 paradigm and TNF key role were not sufficient to explain the full etiopathogenesis of psoriasis. At this point, some academic resistance to an immunological pathogenesis for psoriasis could still be found in discussions of the immunology.\[[@CIT25]\] However, the main interpretation was that an important piece of the immunological cytokine puzzle was missing.

The IL-12/23 Psoriasis Immunopathogenesis {#sec1-4}
=========================================

The initial quest for the missing cytokines was the search for pathway inducers. Researchers first noted that IL-12 is crucial for Th1-cell differentiation.\[[@CIT26]\] IL-12 signaling via its receptor activates Stat4 (signal transducer and activator of transcription 4), which upregulates IFN-γ. IFN-γ activates Stat1, which enhance T-bet (T-box expressed in T-cells), the leading TH1 transcription factor, further enhancing IFN-γ production and downregulating IL-4 and IL-5 expression.\[[@CIT27]\] IFN-γ mediates many of the pro-inflammatory activities of IL-12. Phagocytes and dendritic cells (DCs) are the main producers of IL-12 in response to microbial stimulation,\[[@CIT28]\] and relationship links innate resistance and adaptive immunity. Its main function is resistance to infections with bacteria and intracellular parasites. However, it plays an important role in the Th1 response that sustains organ-specific autoimmunity.\[[@CIT29]\] The use of anti-IL-12 mAb(monoclonal antibody) in the experimental model of psoriasis also suggested the therapeutic value of blocking IL-12 in humans,\[[@CIT30]\] although side effects of the drug limited further development in this area.

For many years, the IL-12-dependent Th1 cells were thought to be essential for the induction of autoimmunity. However, during the Th1/Th2 paradigm studies, an IFN-γ-independent mechanism responsible for the pathogenesis of many inflammatory diseases and psoriasis was found.\[[@CIT31]\] The use of anti-IL-12/23p40 and anti-IFN mAb ultimately established at least part of the solution to the riddle. Only neutralization of p40, not IFN-γ, ameliorated chronic inflammatory reactions. IL-12 and IL-23, as discovered previously from human DNA sequence information, share the subunit p40.\[[@CIT32]\] This finding therefore suggested that the latter cytokine accounted for the IFN-γ-independent mechanism of inflammation.

Identified from human DNA sequence information, IL23, like IL-12, is also a heterodimeric cytokine composed of the same subunit p40 paired with the unique p19.\[[@CIT2]\] It has been reported that IL-12 and IL-23 are up-regulated in psoriatic skin.\[[@CIT33]\] Human studies with anti-IL-12p40 have shown that not only this treatment ameliorates psoriasis, but also down-regulates type 1 cytokines and IL-12/IL-23 in lesional skin.\[[@CIT34]\] Besides sharing the subunit p40 and signaling through similar receptors, IL-23 and IL-12 are responsible for driving different T-cell subsets.

IL-23 could also mediate and sustain late-stage chronic inflammation by the production of IL-17 by Th17.\[[@CIT35]\] The IL-23/Th17/IL-17 immune axis was initially elucidated when IL-17 gene expression was induced by *B. burgdorferi* independent of IL-12.\[[@CIT36]\] The IL-17--producing CD4+ T-cells distinct from those producing either IL-4 or IFN-γ were called Th17.\[[@CIT37]\]

A redundant cytokine model has emerged as the evolving explanation for psoriasis pathogenesis. It is based on the IL-12/Th1/IFN-γ-TNF-α and the IL-23/Th17/IL-17 immune pathways. The effectiveness of the anti-TNF treatment of psoriasis validated the first axis. The efficacy of anti-p40 (anti-IL12/23) treatment confirms the other.\[[@CIT38]\]

Selective IL-23/Th17/IL-17 Immune Axis Inhibition {#sec1-5}
=================================================

Studies have demonstrated that anti-p40 (anti-IL-12/23) treatment is highly efficacious for psoriasis. Remarkably, in a phase II multicenter, randomized, double-blind, placebo-controlled trial with the human monoclonal antibody anti-IL-12/23 briakinumab, 90-93% of subjects in four dosing groups were able to achieve a PASI 75. This finding along confirms the centrality of this pathway as these levels of efficacy have not been previously seen in studies with other agents.\[[@CIT39]\] Large registration studies for ustekinumab, also a p40 antibody have also shown substantial and impressive results that place them high in the efficacy hierarchy.\[[@CIT40]\] Safety data for both agents is limited, but to date has been favorable.

One issue with anti-p40 therapy is that it inhibits both the classical IL-12/Th1/IFN-γ and IL-23/Th17/IL-17 immune pathways. IL-12 and IL-23 are related cytokines with differences in their biological activities. After binding to their receptors, different intracellular transcription complexes are activated.\[[@CIT41]\] IL-12 predominantly acts on naïve T-cells and initiates the TH1 response. IL-23 primarily affects memory T-cells and expands the initiated Th1 inflammatory response by Th17 activity and maintains an adequate memory pool by compromising memory T-cells.\[[@CIT2][@CIT41][@CIT42]\] Experimental studies suggest that IL-23/Th17/IL-17 immune axis blocking is sufficient to treat autoimmune inflammation.\[[@CIT32]\]

Another way to block both pathways is the immunoregulatory role of IFN-γ. It is well-known that the administration of anti-IFN-γ induces exacerbation of experimental autoimmune encephalomyelitis (EAE).\[[@CIT43]\] One possible explanation is that the inhibition of the IL-12/Th1/IFN-γ axis may destroy the regulatory role of IFN-γ during chronic inflammation. TNF-α, like INF-γ, has a regulatory role in the immune system.\[[@CIT44]\] This might explain the observation that anti-TNF therapies induce psoriasis and other autoimmune diseases in some patients.\[[@CIT45]\]

The increase in efficacy and reduction of adverse events are the main drivers for new therapies. Infections, one type of adverse event, usually increase in patients receiving anti-cytokine therapy.\[[@CIT46]\] Studies with anti-IL-23 therapy will require surveillance for the development of opportunistic infection. Reports from patients with IL-12 and/or IL-23 cytokine deficiency syndromes alert to these potential infections in individuals under anti-IL-23 therapy. Invasive salmonellosis and mycobacterial diseases were present more often in patients with IL-12/IL-23 deficiency indicating that immunity against these microorganisms appears to be dependent of IL-12 and/or IL-23.\[[@CIT47]\] However, antibodies against IL-12 and IL-23 may not cause a complete inactivity of these cytokines in a clinical scenario. For example, an experimental study showed that IL-23 plays a role in host defense against *P. carinii*, but it is not an essential one.\[[@CIT48]\] Clinical studies with anti-IL-12/23 treatment thus far have not increased the risk of non-opportunistic or opportunistic infections.\[[@CIT49]\] A recent study showed that blocking IL-23 with monoclonal antibodies during BCG infection does not appear to affect the bacterial burden in immunocompetent mice. In contrast, blocking TNF-α or both IL-23 and IL-12 with anti-p40 dramatically enhances micobacterial growth. From this study, antibody blockade of IL-23 alone rather than IL-12 might be preferable in patients who have been or may be exposed to mycobacterial infection.\[[@CIT50]\]

Conclusion {#sec1-6}
==========

A gold standard is the intervention believed to be the best available option. Given the proven role of IL-23 in several models of autoimmune inflammation and psoriasis, substantial interest exists in targeting this cytokine with neutralization immunotherapy. If the IL-23/Th17/IL-17 immune pathway operates in humans as in mice, then specific blockade of the IL-23 immune pathway may be an effective and safer therapy for immune-mediated inflammatory diseases and placing this drug as standard setting paradigm for therapy for psoriasis. However, large studies are needed to provide information on the effects, adverse events of anti-IL-23 therapy and its place in the treatment of psoriasis and other skin diseases.
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